Background: Postoperative complications and risks factors for adverse events play an important role in both decision making and patient expectation setting. The present study serves to contrast surgeons' perceived and reported rates of postoperative adverse events following posterior lumbar fusion (PLF) and to assess the accuracy of predicting the impact of patient factors on such outcomes.
INTRODUCTION
Posterior lumbar spine fusion (PLF) is a commonly performed procedure that is often done concurrently with decompression for the treatment of lumbar pathology, with studies demonstrating clinical improvements. [1] [2] [3] The occurrence of postoperative complications following spine surgery has received much attention in the literature, as it has been shown to have serious impacts on patients' recoveries. [4] [5] [6] [7] To facilitate the analysis of large populations for relatively rare complications, much research has turned to national databases, including the American College of Surgeons National Surgical Quality Improvement Program (NSQIP). NSQIP collects data from over 500 hospitals across the United States and has recently been extensively used in orthopedic research. [8] [9] [10] [11] [12] Although such studies are limited with regard to spine-specific outcome measures, they are robust for general health adverse events.
The specific affects of adverse events on patient's recoveries following spine surgery has been demonstrated with both large national data sets as well as smaller cohort studies. For example, a study utilizing NSQIP found that wound complications, pulmonary embolism, deep vein thrombosis, sepsis, and urinary tract infections (UTIs) are all associated with unplanned hospital readmission following PLF. 4 Using a smaller sample of 155 patients from a Food and Drug Administration-approved randomized trial regarding interventions for lumbar disc degeneration, it was discovered that patients who had adverse events related to their surgery reported higher pain scores and had decreased function at 2-year follow-up in comparison those who had no adverse events. 5 Furthermore, certain patient characteristics have been demonstrated to have an impact on patient recovery following elective PLF in both national data set studies as well as local cohort investigations. For instance, NSQIP studies have shown that malnutrition, increasing age, morbid obesity, and multilevel procedures are all patient factors that are associated with increased rates of adverse events and increased hospital length of stay after PLF. 9, 12 Additionally, a study of 1137 consecutive spinal surgeries at a single institution revealed that patients who have 2 or more comorbidities or who are having their procedure on multiple spinal levels, are more likely to be readmitted. 13 Communication of risk factors for and the likelihood of adverse events to patients is important for risk stratification, surgical decision making, and patient expectation setting. In fact, the value of setting realistic expectations was demonstrated through a study of patients who underwent lumbar decompression. The investigators found that the expectation-actuality discrepancy predicted patient satisfaction regardless of the magnitude of expectations.
14 Therefore, it is important that surgeons and patients have discussions that reflect accurate estimations of complication rates and true assessments of an individual's risk factors for adverse events.
To our knowledge, no recent study has compared surgeons' perception of the rates of postoperative general health adverse events and the impact of patient factors on these rates and the reported data. As this plays an important role in setting patient expectations, the purpose of the present study is to delineate these perceptions for those at the Lumbar Spine Research Society (LSRS) 2016 Annual Meeting and compare the results to those reported in NSQIP in order to gain an understanding of potential discrepancies between surgeon impressions and reported data. The hypothesis is that spine surgeons would significantly underestimate the rates of and risk factors for adverse events.
MATERIALS AND METHODS

Survey
A 1-page survey was developed and optimized to characterize the perceived rates of general health postoperative adverse events within 30 days of surgery for patients undergoing PLF procedures for degenerative conditions. Adverse events asked about, which were also recorded in NSQIP for later comparison, included: acute kidney injury, anemia requiring transfusion, cardiac arrest, coma, death, deep vein thrombosis, hospital readmission, myocardial infarction, pneumonia, postoperative intubation, pulmonary embolism, return to the operating room, sepsis, surgical site infection, stroke, UTI, and wound dehiscence.
Additionally, the survey addressed the perceived change in risk for having any of the aforementioned adverse events when certain patient factors were present compared to when they were not present. The patient factors included: chronic obstructive pulmonary disease (COPD), current smoking, dyspnea on exertion, hypertension, insulin-dependent diabetes, more than one-level surgery, noninsulin-dependent diabetes, obesity (body mass index [BMI] 30), older age (70 years or older), and preoperative anemia.
The survey also asked about respondent demographic information including: type of residency, completion of spine surgery fellowship, practice setting (private, academic, hybrid), practice location, and years in practice. The survey can be viewed in the appendix.
The survey was distributed to attendees at the 2016 LSRS 9th Annual Meeting. The LSRS is a society founded in 2008, whose purpose is to create an environment for discourse, free from bias, regarding lumbar disease. 7 Surveys were collected following completion.
NSQIP Sample
A cohort of patients matching those asked about in the above-described survey was identified in NSQIP 2011-2014. NSQIP is a data set that collects information on over 150 variables, with 30-day follow-up, from patients undergoing surgery at over 500 sites across the nation. The data undergoes rigorous accuracy audits with combined results of audits indicating approximately 2% disagreement Spine Surgeon Perceptions vs Reported Data between the data set and patient charts. 8 Patients were identified using current procedural terminology codes for PLF (22612, 22630, 22633). Exclusion criteria included a primary diagnosis of fracture, neoplasm or infection, as well as patients undergoing emergency surgery, anterior/PLF, or more than 3 levels of fusion.
Patient baseline characteristics extracted from the data set included patient age, gender, BMI, and the American Society of Anesthesiologists (ASA) Classification. Using this cohort, the reported rates of the adverse events listed in the LSRS survey were extracted as well as were the patient risk factors.
STATISTICAL METHODS
For the LSRS survey data, the mean estimation for the rates of each adverse event as well as the average perceived impact of patient risk factors were calculated. For the NSQIP data, the reported rates of each adverse event were assessed and the impact of patient factors was analyzed using a Poisson regression with robust error variance. The perceived rates of adverse events and the impacts of patient factors had on these from the LSRS data were compared with the reported NSQIP data using Welch's t-test.
Questionnaire and NSQIP data were analyzed using STATA version 11.0 (StataCorp, LP, College Station, Texas). Statistical difference was established at a 2-sided a level of 0.05 (P , .05).
RESULTS
LSRS Respondent and NSQIP Sample Demographics
For the LSRS surveys, of the 67 United States attending-level physicians in attendance (medical doctors and doctors of osteopathic medicine), 53 returned completed surveys (equating to a completion rate of 79%). The demographics of the 53 attending-level spine surgeons practicing in the United States are presented in Table 1 . The LSRS questionnaire respondents were predominantly orthopedic surgeons practicing in an academic setting in the Midwest.
For the NSQIP cohort, 16,589 patients were identified based on the defined inclusion/exclusion criteria. The demographics of the identified population are presented in Table 2 . The population had an average age of 60, 45% of patients were male, and had an average BMI of 31 and a median ASA of 2.
Rates of Adverse Events
The perceived incidence of the 17 adverse events from the surgeons at the conference and the reported incidence of the same adverse events from the NSQIP data can be found in the left half of Figure 1 . From the LSRS survey, adverse events were estimated to range from 0.18% to 6.91%. From the NSQIP cohort, adverse events were estimated to range from 0.01% to 5.22%.
The differences between the LSRS survey and the NSQIP cohort results are shown graphically in the right half of Figure 1 . The differences ranged from LSRS survey overestimates of 2.81% to underestimates of 1.05%. Following statistical analysis, surgeons overestimated the incidence of 76% (13 Table 1 out of 17) of the adverse events and underestimated the incidence of 12% of the adverse events (2 out of 17). The adverse events with the largest survey overestimations included the incidence of deep vein thrombosis (2.81%, P , .001), anemia requiring transfusion (2.47%, P ¼ .018), and UTI (2.29%, P , .001). Surgeons accurately estimated the occurrence of death and sepsis following PLF with the difference in the 2 incidences being statistically insignificant. The rates of patients returning to the operating room and hospital readmission were underestimated by 0.9% (P ¼ .010) and 1.05% (P ¼ .031), respectively.
Percent of Respondents
Risk Factors for Adverse Events
The perceived impact of 10 patient characteristics on the risk of adverse events from the LSRS surgeons and the reported impact of the same patient characteristics on the risks of adverse event from the NSQIP data can be found in the left half of Figure 2 . From the LSRS survey, relative risks were estimated to range from 1.19 to 2.98. From the NSQIP cohort, relative risks were estimated to range from 0.96 to 2.12.
The differences between the LSRS survey and the NSQIP cohort results are shown graphically in the right half of Figure 2 . The differences ranged from LSRS survey overestimates of 2.02 relative risk to underestimates of 0.31 relative risk. Following statistical analysis, surgeons overestimated the relative risk of 80% (8 out of 10) of the patient characteristics. The largest differences existed in patients who are current smoking (overestimation of 2.02 relative risk, P , .001), who have insulin dependent diabetics (overestimation of 1.36 relative risk, P , .001), and who are obese (overestimation of 1.35 relative risk, P , .001). Surgeons accurately 
DISCUSSION
Adverse events after surgeries such as PLFs have been receiving increasing attention as we strive to minimize morbidity of such interventions and optimize outcomes. The first portion of the current study serves to contrast surgeons' perceived and NSQIP reported rates of postoperative adverse events following PLF for degenerative conditions. The second portion of the study then compares surgeons' perceived impact of patient factors on the risks for any of the previously defined adverse events with those determined from NSQIP.
The LSRS Annual Meeting attracts spine surgeons from across the country and promotes scientific discussion of the lumbar spine that is not influenced by corporate funding. 7 Survey data collected at the most current meeting in April 2016 yielded a high response rate of nearly 80%. This rate compares very favorably to other studies of physician surveys reported in the literature.
15,16
The NSQIP database, founded in 2005, currently collects data from over 500 institutions, which include academic, private, urban, and rural settings, in the United States. 8 After statistical analysis of the survey data collected at LSRS and data extracted from the NSQIP database, it is clear that, contrary to the hypothesis of consistent underestimation, surgeons' perceived rates of adverse events following PLF for degenerative diseases were overall in similar range to the NSQIP data. Surgeons marginally overestimated the incidence of 76% (13 out of 17) of the adverse events and only slightly underestimated 12% (2 out of 17) (Figure 1 ). Although these were in the right ''ballpark,'' the numerically greatest overestimations are discussed.
The 2.81% overestimation of deep-vein thrombosis may be due surgeons' knowledge of higher rates of venous thromboembolism in other orthopedic surgeries and the subsequent transference of that information to spine procedures. For example, a recent study found the incidence of symptomatic venous thromboembolism following total knee arthroplasty to be 4.6%. 17 The 2.47% overestimation of the rates of postoperative anemia requiring transfusion may in part be due to the development and use of minimally invasive spine surgery in cases where an open approach may have been traditionally the only option. A recent meta-analysis found there to be a mean decrease in estimated blood loss of 260 mL when comparing minimally invasive approaches with open surgeries. 18 Finally, the 2.29% overestimation of the incidence of UTIs may be due to recent advancements in the understanding of risk factors for these infections as well as the identification of helpful preventive measures such as early removal of Foley catheters. 19 In opposition of the hypothesized consistent underestimation, surgeons' perceived impact of patient factors on the risks for any of the previously defined adverse events were also reasonably close to the NSQIP data. Surgeons modestly overestimated the relative risk of 80% (8 out of 10) of the patient characteristics while underestimating none ( Figure  2) .
The magnitude that current smoking has on the occurrence of adverse events had a 2.02 overestimation by spine surgeons, which may in part be due to transference of the affect that smoking has on longer term nonunion to the general-health outcomes analyzed in the current study. 20 The overestimation of the association of insulin-dependent diabetes (1.36) and obesity (1.35) with the occurrence of adverse events could be related to recent focuses in the literature on the effects of these modifiable risk factors. 10, 21, 22 Understanding and accurately estimating the risks of surgery are critical for both surgeons and patients in the decision-making process and informed consent. Patients need to have a thorough understanding of the potential risks of surgery in order to have informed consent while surgeons need accurate information regarding surgical risks in order to choose the right operation. 23 Furthermore, research has indicated that quality preoperative information facilitates patient's active involvement in his or her own care. 24 While the error in surgeon perceived occurrences and risks of adverse events in this study can be characterized as overestimation, this type of overemphasis benefits the safety of the patient in terms of their understanding of the risks of the procedure and expectations regarding a potentially complicated postoperative recovery. Additionally, the findings of the present study encourage physicians to continue to remain up-to-date on the current rates and risk factors for postoperative complications, especially as surgical techniques improve, postoperative management evolves, and patient populations change.
Strengths of this investigation include the novelty of the research question. To the authors' knowledge, no recent study has compared surgeons' understanding of the perceived rates of postoperative adverse events and the apparent impact of patient factors on the rates of those adverse events with the reported data. Another strength of the study is the very high survey participation rate and the quality of data that NSQIP provides. 25 Limitations of the current study are that only 1 specific spine society was surveyed, which may lead to sampling bias. In particular, the LSRS surgeons may have practice type or geographical location discrepancies in comparison with the physicians captured by NSQIP. As Table  1 demonstrates, surveyed physicians were primarily from the United States Midwest (although there was some representation from all areas of the United States) and were largely practicing in an academic setting (although some private and hybrid setting physicians were captured). In addition, the association of hospital size and complication rates is not entirely clear, and, in fact, it has been suggested that there may be none following PLF. 26 A third limitation is that NSQIP only Spine Surgeon Perceptions vs Reported Data collects short-term adverse events no longer than the 30th postoperative day. 27 Further, the current study does not report procedure-specific complications.
In summary, spine surgeons in the United States reasonably estimate the occurrence of postoperative adverse events as well as the impact of risk factors on those adverse events for patients who underwent PLF for degenerative diseases. The consistent overestimation was marginal and not only errs on the side of patient safety when it comes to decision making but also sets realistic expectations for the postoperative course.
